Background-Admission to a hospital with a capability for cardiac procedures is associated with a higher likelihood of referral for a cardiac procedure but not with a better short-term clinical outcome. Whether there are differences in long-term mortality and resource consumption is not clear. We sought to determine whether elderly Medicare patients with acute myocardial infarction admitted to hospitals with on-site cardiac catheterization facilities have lower long-term hospital costs and better outcomes than patients admitted to hospitals without such facilities. Methods and Results-As part of the Cooperative Cardiovascular Project pilot in Connecticut, we conducted a retrospective cohort study using data from medical charts and administrative files. The study sample included 2521 patients with acute myocardial infarction covered by Medicare from 1992 to 1993. The cardiac catheterization rate was higher in the hospitals with facilities (38.6% versus 26.9%; PϽ0.001), but the revascularization rate was similar (20.5% versus 19.5%) during the initial episode of care and at 3 years (29.7% versus 29.7%). Mortality rates were similar for patients admitted to the 2 types of hospitals at 30 days (OR, 1.08; 95% CI, 0.83 to 1.42) and at 3 years (OR, 1.02; 95% CI, 0.83 to 1.26). The adjusted readmission rates were significantly lower among patients admitted to hospitals with cardiac catheterization facilities (OR, 0.76; 95% CI, 0.61 to 0.94). However, the overall mean days in the hospital for the 3 years after admission was 25.9 for patients admitted to hospitals with facilities and 24.6 for the other patients (Pϭ0.234). Adjusting for baseline patient characteristics, there was no significant difference in the 3-year costs between patients admitted to the 2 types of hospitals. Conclusions-With higher rates of cardiac catheterization and lower readmission rates, patients admitted to hospitals with on-site cardiac catheterization facilities did not have significantly different hospital costs compared with patients admitted to hospitals without these facilities. There was also no significant difference in short-or long-term mortality rates.
S
everal studies have documented substantial geographic and hospital-based variation in the performance of cardiac catheterization after acute myocardial infarction (AMI). [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Studies have shown that the presence of an on-site cardiac catheterization facility in the admitting hospital is an important predictor of cardiac catheterization after an AMI. 8, 10, 13 Investigators from the Myocardial Infarction Triage and Intervention Project (MITI) reported that patients admitted to a hospital with an on-site cardiac catheterization facility had a 3-fold increase in the likelihood of undergoing cardiac catheterization, 7 exceeding the importance of any other clinical factor, including recurrent chest pain and infarct extension.
The MITI investigators reported that patients admitted to hospitals with on-site catheterization laboratories had approximately $2500 per patient higher 3-year cumulative costs despite having no better clinical outcomes. 14 This study was conducted solely in the Seattle metropolitan area, an urban/ suburban area in which hospitals are relatively close together and have a high rate of angiography. As a result, the authors provide a caution about the generalizability of their findings.
To address this issue in a different area of the country, we sought to examine the care and outcomes of Medicare beneficiaries throughout Connecticut to determine whether hospitals with on-site cardiac catheterization facilities have higher procedure rates and lower long-term readmission rates and hospital costs. We created longitudinal hospitalization records for Medicare beneficiaries discharged for AMI from June 1992 through May 1993. This project was conducted as a substudy of the Cooperative Cardiovascular Project (CCP) pilot, a Health Care Financing Administration (HCFA) initiative to improve the quality of care for Medicare beneficiaries with AMI. 15 
Methods

Clinical Data
Connecticut is the only CCP pilot state in which a detailed economic substudy was conducted. The patient sample includes Medicare patients with confirmed AMI who were discharged between June 1, 1992, and May 20, 1993, from the 33 acute-care hospitals in Connecticut, as previously described. 16 We excluded (1) admissions not related to the acute care of an AMI (the fifth digit of the ICD-9-CM codeϭ2), (2) patients Ͻ65 years old, (3) patients admitted in transfer from another acute-care facility, and (4) nonConnecticut residents (because of difficulty in tracking subsequent admissions in the year after discharge).
Medical records were abstracted by trained nurses and medical record technicians who collected detailed demographic, clinical, and process-of-care information. A random subsample of cases was reabstracted, and reliability, as measured by the statistic, ranged from 72% to 97% for several key quality indicators. 17 For each patient, the initial and final ECGs were interpreted by a physician.
Transfers were linked with the index admission to form 1 continuous episode of care. Patients were considered to have been transferred if the discharge date of the first hospitalization matched the admission date of a subsequent hospitalization. Thus, the "index" hospitalization included any hospital stays associated with transfer to another acute-care hospital over 3 years. If patients were transferred to another institution, procedures performed in the transfer institution were considered part of the index hospitalization.
Administrative Data
The primary administrative data source for this analysis was the HCFA 1992 to 1996 MEDPAR file for Connecticut. This file contains discharge abstracts for all Medicare inpatients discharged from Connecticut hospitals between October 1991 and September 1996. Discharge abstracts include ICD-9-CM-coded diagnoses, procedures, and charges. To calculate hospital costs, ratios of costs to charges for each hospital at the time of the index admission were obtained from HCFA's Hospital Cost Reports.
Variables
The independent variable of principal interest in this study was the type of hospital to which the patient was initially admitted during the index hospitalization. Hospitals were classified on the basis of having or not having cardiac catheterization facilities ("catheterization hospital" versus "noncatheterization hospital").
Covariates in this study included age, sex, race, cardiac risk factors, cardiac history, admission characteristics, and hospital treatments and procedures (Table 1) . Systolic blood pressure, pulse, and respiratory rate were defined as the highest value recorded within the first 24 hours after admission. Terminal illness was defined as chart documentation of terminal illness, life expectancy of Ͻ6 months, palliative care only, or a do-not-resuscitate order written at the time of admission. Hospital treatment variables included the use of aspirin, ␤-blockers, and thrombolytic therapy in the emergency department or in the hospital on the first day. Left ventricular function was obtained from diagnostic tests in the following order: equilibrium radionuclide angiocardiography, cardiac catheterization, and echocardiography. Hospitalizations in the year before index admission were determined from the MEDPAR database.
Outcomes
The primary outcome for the study was hospital costs in the 3 years after the index admission (including the index admission). Because hospital charges are not a reliable measure of resource consumption, 5, 18 hospital costs were determined from each patient's detailed hospital charge record and each hospital's departmental Medicare cost-to-charge ratios derived from each hospital's annual Medicare Cost Report 5 as described in a previous report. 19 All costs were converted to 1996 dollars at a discount rate of 5%.
Mortality, readmission, and cardiovascular procedures (including cardiac catheterization, PTCA, and CABG) were also outcomes. Readmissions and procedures in the 3 years after admission were ascertained from the MEDPAR database. Mortality information was obtained from Medicare's Enrollment Database, which was derived from data from the Social Security Administration.
Statistical Analysis
We compared baseline characteristics, use of cardiovascular procedures, mortality, and costs between patients admitted to catheterization and noncatheterization hospitals. We also compared costs between the 2 types of hospitals for patients who did and did not undergo cardiac catheterization as well as those who underwent PTCA, CABG, or both. Comparisons were performed by Student's t test (for continuous variables and normally distributed data), the 2 test (for categorical variables), or the Wilcoxon test (for continuous non-normally distributed variables). Hospital costs are presented both as a mean to represent the best estimate of the cost per patient and as a median to represent the best estimate of the cost of a typical patient.
To determine whether patients initially admitted to catheterization hospitals were more likely to undergo cardiac catheterization, we developed a series of multiple logistic regression models. First, we evaluated the unadjusted relationship between cardiac catheterization and the presence of an on-site facility. Second, we adjusted the model for variables associated with cardiac catheterization in bivariate comparisons (PϽ0.10), as well as those identified from previous studies 7, 8 and variables considered clinically relevant. We repeated the analysis for the revascularization procedures.
To evaluate whether patients initially admitted to catheterization hospitals had a higher likelihood of survival 3 years after the index admission than those admitted to hospitals without such facilities, we developed another series of multiple logistic regression models. We evaluated the unadjusted relationship between 3-year mortality and the type of hospital and then adjusted the model for variables associated with mortality in bivariate comparisons (PϽ0.10), as well as those from previous studies 17 and variables considered clinically relevant. These variables included the patient characteristics listed in Table 1 . We repeated the models using readmission as the dependent variable.
To evaluate whether patients initially admitted to catheterization hospitals had a higher hospital cost in the 3 years after the index admission compared with those admitted to hospitals without such facilities, we developed a series of multiple linear regression models. We evaluated the unadjusted relationship between log-transformed 3-year hospital cost and the type of hospital. Then we adjusted the model for variables associated with cost in bivariate comparisons (PϽ0.10), as well as those considered clinically relevant. These covariates were the same as those listed above.
Results
Connecticut Hospitals
Of the 33 Connecticut hospitals, 17 have cardiac catheterization facilities, including 6 that also have facilities for cardiac surgery. All but 1 (94%) of the catheterization hospitals had medical house staff, compared with 14% of the noncatheterization hospitals.
Characteristics of the Patient Sample
A total of 2521 patients with AMI were in the study sample, with a mean age of 76.8 years (SD, 7.5 years); 50.5% were men, and 90.3% were white. The baseline characteristics of the 1730 patients admitted to catheterization hospitals were generally similar to those of the 791 patients admitted to hospitals without such facilities (Table 1) . However, there were significant differences in the proportion of patients by race, history of PTCA, history of CABG, chest pain, heart failure, ST-segment elevation, and LV functional status. 
Use of Cardiovascular Procedures
The rate of cardiac catheterization during the initial admission was significantly higher among hospitals with cardiac catheterization facilities ( Table 2) . After adjustment for potential confounders, the increased odds of the patient's undergoing cardiac catheterization associated with admission to a catheterization hospital was 1.83 (95% CI, 1.48 to 2.26). After adjustment for the same potential confounders, the odds of the patient's undergoing PTCA associated with admission to a hospital with cardiac catheterization facilities was 1.48 (95% CI, 1.07 to 2.05), and the odds of undergoing CABG was 0.73 (95% CI, 0.55 to 0.97).
In the 3 years after admission, the early significant differences in cardiac catheterization and CABG rates persisted (Table 3 ). There remained a trend toward more PTCA procedures in the hospitals with catheterization facilities.
Clinical Outcomes
Mortality
The 3-year postadmission mortality rate for the sample was 45.1% for the catheterization hospitals and 44.5% for noncatheterization hospitals (Table 4) . After adjustment for potential confounders, initial admission to a catheterization hospital was not associated with an improved 3-year survival (OR, 1.02; 95% CI, 0.83 to 1.26).
Readmission
The 3-year postdischarge readmission rates for survivors of the index hospitalization were 69.0% for patients initially admitted to catheterization hospitals and 73.6% for the other patients (Table 4) . After adjustment for potential confounders, admission to a hospital with an on-site cardiac catheterization facility was associated with a significantly lower odds 
Length of Stay and Facility Costs
The median length of stay for the index admission was 9 days for patients admitted to either catheterization hospitals or noncatheterization hospitals ( Table 2 ). The median cost per patient was $13 176 for the patients admitted to hospitals with facilities and $11 695 for the patients admitted to hospitals without facilities (Pϭ0.03). The similarity of facility costs for the index admission between the groups was due, in part, to the costs associated with transfers to other institutions for cardiac catheterization (Table 5) . Patients admitted to noncatheterization hospitals who were transferred for cardiac catheterization had higher costs than patients admitted to catheterization hospitals who underwent the procedure. The mean number of hospital days for the 3 years after index admission (including the index admission) was 25.9 for the patients admitted to catheterization hospitals and 24.6 for patients admitted to noncatheterization hospitals (Pϭ0.234, Table 3 ). The Figure shows the cumulative distribution of cost over the year by type of hospital. The median cost per patient was $25 030 for catheterization hospitals and $23 790 for noncatheterization hospitals (Pϭ0.135). In multivariate regression analyses, the presence of an on-site cardiac catheterization facility was not independently associated with significantly higher 3-year hospital costs. 
Discussion
Despite the higher rate of cardiac catheterization at hospitals with on-site cardiac catheterization facilities, our findings do not support the hypothesis that elderly patients initially admitted to such hospitals incur significantly different costs, mortality rates, or long-term revascularization rates than those admitted to hospitals without such facilities. Our findings are consistent with those of other studies, 9,12 and we extend their findings by showing no long-term economic advantage of a hospital with a more aggressive approach to managing older patients with an AMI.
Although we did not find an important difference in the short-or long-term costs of care at the 2 different types of hospitals, our findings do not imply that catheterization rates do not affect the cost of care. The higher cost of catheterization for patients who were transferred for the procedure contributed to equalizing the initial costs. Consequently, it is plausible that hospitals with on-site facilities could reduce costs by performing catheterization at a rate comparable to the hospitals without such facilities. These data also suggest that fewer catheterizations could be performed without jeopardizing mortality or economic outcomes.
We cannot determine with certainty why our study found more revascularization procedures per catheterization among the patients admitted to a hospital without a catheterization laboratory. However, this finding may be due to selection effects. The smaller number of patients referred for cardiac catheterization from these hospitals was different from the larger number of patients referred at the hospitals with facilities, and these patients may have been, on average, more suitable for revascularization. Another possibility is that a transfer into a hospital with facilities is associated with an expectation that a procedure will be done, if possible. Consequently, transfer patients may be more likely to be referred subsequently for a revascularization procedure because of the expectations of their physicians.
Our economic results contrast with the findings of Every and colleagues 14 from the MITI Registry. They found that patients admitted to hospitals without on-site catheterization facilities were managed with fewer procedures at a lower cost. The MITI investigators evaluated patients admitted to Seattle hospitals with an AMI between 1988 and 1994. Our study sample was older and represented a statewide sample in Connecticut from 1992 to 1993. The cardiac procedure rates in the MITI study were higher than in our study, and the differential between the 2 types of hospitals was larger. The major difference in our results is that we show that although catheterization rates are different at the 2 types of hospitals, the long-term revascularization rates, costs, and outcomes were very similar. The discordant results between the studies suggest that the impact of an on-site catheterization laboratory on clinical practice may vary by geographic location and age of the patients. In regions or in patient groups with lower procedure rates, the presence of an on-site facility may not have a major influence on revascularization rates or cost. Our study does have several limitations. First, there are a few special features that characterize Connecticut. The state limited its number of laboratories by requiring a certificate of need. Also, Connecticut is relatively small, the hospitals are not far apart, and there is a relatively high density of cardiologists. These factors may have been responsible for the similar patterns of care among the hospitals.
Second, we cannot determine whether there were important differences in functional outcomes between patients admitted to the 2 types of hospitals. Although this issue has been addressed previously, there is need for further study. One report compared use of procedures and outcomes in a high-volume state (Texas) and a low-volume state (New York). 9 Despite substantial differences in the use of cardiac procedures after AMI, there were no differences in symptoms or functional status. In contrast, a study by Mark and associates 5 comparing Canadian and US patients enrolled in a substudy of the GUSTO-1 trial found that Canadians underwent fewer procedures and had worse functional status 1 year after discharge.
In conclusion, the admission of elderly patients to a hospital with an on-site cardiac catheterization facility was associated with a higher likelihood of their undergoing coronary angiography during the index admission, but there was no clear economic or mortality benefit. Readmission rates were significantly lower for patients admitted to hospitals with catheterization facilities, but readmission for an AMI was higher. Consequently, in this cohort, we cannot identify a clear benefit, harm, or cost attributable to admission to a hospital with an on-site cardiac catheterization facility.
